Abstract. Some Ambient Assisted Living approaches are based on location tracking of the inhabitant. In this paper special nite automata are introduced to describe the dynamic indoor tracking process. A method to systematically generate the automaton is presented only using the topology and the sensor instrumentation of the house. Based on the discrete event model of the automaton an algorithm for location tracking has been developed. To clarify the foregoing an illustrative example is used throughout the paper.
Introduction
The increasing of life expectancy leads to new issues concerning the autonomy and the independence of elderly or disabled people. To cope with this important society problem, numerous Ambient Assisted Living (AAL) approaches are developed.
Some recent works are dedicated to the location tracking of one or more inhabitants. One of the basic techniques consists in determining if the inhabitant is at home or if the house is empty. Such an home occupancy approach, based for example on the monitoring of the power consumption and the ambient light, is presented in [1] . More accurate location tracking approaches aim to get the exact location of the inhabitant within his house. For instance, two approaches [2, 3] are considering houses equipped with binary sensors (motion detectors, switches...). In [2] , the knowledge of the real-time location of the inhabitant is aimed to improve the quality of the detection of health problems. In [3] , the current location is tracked and the future location is predicted in order to optimize the energy consumption of the house. Despite a common location tracking objective, dierent models are used in the two approaches. Two graphs (one representing the connectivity of zones and another representing the connectivity of the sensors) are used in [3] whereas a Finite State Machine is taken as a model of the house in [2] . Nevertheless, in both cases the building of the model is only based on the knowledge of an expert. No methodology is proposed for a systematic construction of this model starting from the topology and from the instrumentation of the house. In both approaches, the possible inaccuracy of the location is envisaged but the causes of this uncertainty and its relation to the chosen instrumentation are not examined. Furthermore, neither the relationship between the model and the signals emitted by the sensors installed in the house nor the location tracking algorithm are clearly dened.
In this paper, a new approach for systematic generation of a Finite Automaton (FA) describing the motion of a single inhabitant in his home is proposed. This method is aimed to be the most generic and to be compliant with any home and any instrumentation with binary sensors only. This approach is described in the next section. The application of this approach on a case study is given in section 3. Finally, a conclusion and an outlook for future works are given.
Overview of the proposed approach
In the case the instrumentation of a house is performed using binary sensors only, the tenant moving in the house can be observed through signal events emitted by the sensors. The problem of location tracking of an inhabitant can then be considered as a Discrete Event System (DES) modeling problem. An appropriate way to model such a behavior is to use Finite Automata (FA). A FA is a quadruplet Q, Σ, T, Q 0 with Q a set of states, Σ a set of input events, T ⊆ Q × Σ × Q a transition relation between states, labeled with input events, Q 0 ⊆ Q a set of initial states.
An overview of the proposed approach for the systematic construction of a FA, representing the possible motion of an inhabitant into a house (or an apartment) equipped with binary sensors and its use for tracking the location of the inhabitant is given in Fig. 1 .
In a rst step, the topology of the apartment has to be described using a matrix-based formalism representing the topological links between the dierent rooms of the apartment. A Topology Graph is then systematically generated x.
For each room of the house, a node is created and for each direct path between two rooms, an edge between the two corresponding nodes is dened. For a given apartment, it is assumed that only one topology can be described, and thus only one Topology Graph can be generated.
In a second step, one or several possible instrumentations of the apartment with binary sensors have to be described. For each of these instrumentations, matrices representing the detectability area of each sensor are written. Knowing the Topology Graph previously built, a second algorithm allows the systematic generation of a Detectable Motion Automaton (DMA) y. Each transition of the DM A representing a path between two rooms is associated to the events of sensors that can be observed when the inhabitant is moving between the rooms.
In a third step, the relevance of each of the possible instrumentations (in terms of ability to detect the movements of the inhabitant and precision of its location) can be evaluated by analyzing the DM A. This evaluation leads to the validation of a given instrumentation or to the choice of the best one among several possible instrumentations z. The algorithm consists in choosing the instrumentation minimizing the number of undetectable and inaccurately detectable changes of location of the inhabitant.
Finally, real time location of the inhabitant and its tracking during his movements into the apartment can be performed for the chosen DM A {. The current state S of DM A represents the location of the inhabitant and S is updated according to the observed events. Based on the formalization of the topology and the instrumentation using vectors and matrices, the DM A is generated. It is shown in Fig. 2 (b) .
To dene the initial state of DM A, a simple method is to install the user interface in a particular room (in our case in the living room D). Each time the monitor is initialized by the inhabitant, it is known that he is in this specic room and then the location tracking algorithm is correctly initialized.
Experimental results have shown that location tracking using this model performs well under two conditions. There has to be only one inhabitant in the house and no other one nor a pet. It is also assumed that no fault of any sensor occur. Future work will be devoted to relax these two hypotheses.
Conclusion and future work
In this paper, a method aiming to systematically build a model of any instrumented home has been introduced. It was tested in a real environment and showed promising results. The use of FA is proposed because this is a standard formalism in the eld of DES. Many developments have been introduced to deal with more sophisticated behaviors. For instance, a timed behavior can be modeled using timed automata or the uncertainty can be taken into account using stochastic automata.
Future work on this topic will be devoted to the location tracking coping with multiple inhabitants. Some promising results have been presented in [4] but the DES theory could be of particular interest to deal with this issue. Another challenge is to use the proposed FA with an algorithm of sensor fault detection and isolation. These methods are devoted to manufacturing systems but it seems that they can be adapted to AAL issues.
